Two Schiff bases derived from 2,4-dihydroxy acetophenone were synthesised and characterized by IR, UV-Vis, 1 H NMR, Mass spectral studies and single crystal Xray diffraction studies. They were grown into a single crystal in 1:1 ethanol acetonitrile medium by slow evaporation technique and belong to monoclinic crystal system with P2 1 /c space group. Hirshfeld surface analysis based on DFT method with 3-21G as basis set was used to calculate various intermolecular interactions. Finger print plots were made to find out the percentage of different types of interactions. The cation recognizing profile of the Schiff base receptors were explored by UV-Vis and fluorescence methods. 
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H NMR, Mass spectral studies and single crystal Xray diffraction studies. They were grown into a single crystal in 1:1 ethanol acetonitrile medium by slow evaporation technique and belong to monoclinic crystal system with P2 1 /c space group. Hirshfeld surface analysis based on DFT method with 3-21G as basis set was used to calculate various intermolecular interactions. Finger print plots were made to find out the percentage of different types of interactions. The cation recognizing profile of the Schiff base receptors were explored by UV-Vis and fluorescence methods. , Fe 3+ and Cu 2+ were 6.5318 X 10
Introduction and Literature Review
Luminescence compounds are attracting much current research interest because of their wide applications including emitting materials for organic light emitting diodes, light harvesting materials for photo catalysis and fluorescent sensors for organic or inorganic analyses. Further, luminiscent metal complexes are a fascinating class of molecules that have found applications in many areas such as light emitting devices (LED) (Keyes et al., 2004) .
Various transition metal ions are crucial for the life of living organism. Copper is an essential trace element present in all living systems and is important for the function of many cellular enzymes. However, Cu 2+ can be toxic to biological systems when levels of Cu 2+ ions exceed cellular needs and it is also capable of displacing other metal ions which act as cofactor in enzyme catalyzed reaction. Iron is one of the most important elements among heavy metals for metabolic processes, being indispensable for plants and animals and therefore it is essentially distributed in environmental and biological materials. For instance, in heamoglobin the metal center is iron and for vitamin B 12 it is cobalt. In the Earth's crust, aluminium is the most abundant (8.3% by mass) metallic element and the third most abundant of all elements (after oxygen and silicon).The element aluminium is intertwined with our day-to-day activities. The wider use of the said metal in kitchen wares, soft drink cans, in pharmaceutical industry and also in food packing materials has exposed us to aluminium absorption resulting in slow accumulation of aluminium in various human organs leading to skeletal mineralization. The augmentation of aluminium in human bodies retards numerous enzyme activities thereby hampering iron metabolism. Besides, aluminum affects the lives of aquatic animals such as fish and invertebrates by causing osmoregulatory failure in them. Nerve fibre degeneration also can be ascribed to the adverse effect of aluminium where memory process gets affected, leading to the Alzheimer's and Parkinson's diseases (Shrivastava, 2012) .
In recent years synthesis of Schiff base chemosensors finds much attention (Wang et al., 2010a; Yang et al., 2013; An et al., 2013; Wang et al., 2013) . But Schiff bases for the detection of Al(III) is very less (Fan et al., 2014; Kim et al., 2012; Chang et al., 2014) , we tried for synthesise a simple, easily preparable Schiff base chemosensors one with a speciality of single metal detection and another with the feature of multi ion detection which may further be used for the construction of logic gates (Wang et al., 2010a; Sahoo et al., 2016) .
Methodology
All chemicals and solvents were of the analytical grade. All metals (Cu, Ni, Fe, Co, Ca, Mg, Mn, Zn, Sr, Na, Ba, Cd, Hg, Al) were used in the form of their chloride (sigma Aldrich) except Pb, which was used as lead acetate.
Synthesis and Characterization of Schiff Base Receptors
N-4-methylphenyl (2,4-dihydroxy acetophenylideneimine), Receptor 1 (NMEPDHAPI) was synthesized by refluxing a mixture of ethanolic solutions of 2,4-dihydroxy acetophenone (1 mmol) and anisidine (1 mmol) for three hours. The solid obtained was filtered, washed with ether and recrystallized from 1:1 mixture of ethanol and acetonitrile. Yield 95%, m.pt. 108 o C.
FT-IR Spectra (Figure 1) In the case of NMEPDHAPI, the absorption band at 3479.77cm -1 indicates the presence of phenolic -OH group involved in intramolecular hydrogen bonding (Aazam et al., 2006) . There is a sharp and strong absorption band at 788.07cm -1 , corresponding to aromatic C-H bending mode, which extends support to the view that the compound is aromatic (Issa et al., 2008) . The presence of imine group ( ̶ C=N ̶ ) is confirmed by the strong band at 1605.07cm -1 . 1 H NMR Spectra (Figure 2) The multiplet which extends from 6.37 to 7.64ppm is due to the aromatic ring protons of the Schiff base ligand (Lashanizadegan and Seraj, 2010) . The phenolic protons appear at 12.72ppm (Selvameena et al., 2014) . The methyl protons appear at 2.39ppm and 2.93ppm (Aazam, 2010 ). The electron impact mass of the ligand NMEPDHAPI confirms the proposed formula by showing a peak at m/z = 259.29 corresponding to ligand moiety. This molecular ion peak is in good agreement with the suggested molecular formula (C 15 H 17 O 3 N) (Kemp, 2009) . The single crystal X-ray diffraction studies on the ligand further confirm the proposed structure. An ORTEP view of the ligand with atom-numbering scheme is shown in the Figure 4 . The crystallographic data is shown in Table 1 and the bond angles and bond distances shown in Table 2 . The existence of hydrogen bond between the phenolic hydrogen and azomethine nitrogen is confirmed and the data for the hydrogen bonding is presented in Table 3 .A crystal with dimension of 0.400 x 0.400 x 0.300 mm 3 was used for X-ray data collection. All the non-hydrogen atoms are refined anisotropically. All hydrogen atoms have been geometrically fixed and refined with isotropic thermal parameters. The asymmetric unit contains a molecule of Schiff base. The compound crystallizes in monoclinic lattice having P2 1 /c space group with a = 8.9228 (4) 
In the case of NMPDHAPI the absorption band at 3431.96cm -1 indicates the presence of phenolic -OH group involved in intramolecular hydrogen bonding (Aaazam et al., 2006) . There is sharp and strong absorption band at 774.05cm -1 , corresponding to aromatic C-H bending mode, which extends support to the view that the compound is aromatic (Issa et al., 2008) . The presence of imine group ( ̶ C=N ̶ ) is confirmed by the strong band at 1587.73cm -1 . The multiplet which extends from 6.21 to 7.56ppm is due to the aromatic ring protons of the Schiff base ligand . The phenolic protons at ortho position of the azomethine group appear at 10.07ppm (Selvameena et al., 2014) . The phenolic proton at para position of the azomethine group appears as singlet at 15.39ppm. The methyl protons appear at 2.50 ppm (Aazam, 2010) . The methoxy protons appear at 3.75ppm. The electron impact mass of the ligand NMPDHAPI confirms the proposed formula by showing a peak at m/z = 257.00 corresponding to ligand moiety. This molecular ion peak is in good agreement with the suggested molecular formula (C 15 H 15 O 3 N) (Kemp, 2009 ). The single crystal X-ray diffraction studies on the ligand further confirm the proposed structure. An ORTEP view of the ligand with atom-numbering scheme is shown in Figure 8 . The crystallographic data is shown in Table 4 and the bond angles and bond distances shown in Table 5 . The existence of hydrogen bond between the phenolic hydrogen and azomethine nitrogen is confirmed and the data for the hydrogen bonding is presented in Table 6 . The existence of hydrogen bond between the phenolic hydrogen and azomethine nitrogen is confirmed. A crystal with dimension of 0.300 x 0.250 x 0.200 mm 3 was used for X-ray data collection. All the non-hydrogen atoms are refined anisotropically. All hydrogen atoms have been geometrically fixed and refined with isotropic thermal parameters. The asymmetric unit contains a molecule of Schiff base. The compound crystallizes in monoclinic lattice having P2 1 /c space group with a = 9.0009(4) Å, b = 6.7248(2) Å, c = 21.8564(10) Å, α = γ = 90º, β = 99.450(2)º and Z = 4. The torsion angle between C(4)-C(7)-N(1)-C(9) is 178.50(13)º confirms the Schiff base formation. The C(7)-N(1) distance of 1.3114(19) Å is normal double bond value and agrees well with those observed in compounds containing azomethine group. In the Schiff base ligand C(7)-N(1)-C(9) bond angle is 128.67(13)º. Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y,-z #2 -x+1,y-1/2,-z+1/2
Results and Discussion

Hirshfeld Surface Analysis
Hirshfeld surface analysis technique is exploited for the calculation of intermolecular interactions. Hirshfeld surface of the receptors is portrayed in Figure 9 with respect to various properties such as di, de, dnorm, shape index and curvedness (Prasad and Meenakshisundaram, 2015a) . dnorm surface highlighted two bright red spots indicating the presence of close contacts interms of hydrogen bonding, as well as O-H and H-O interactions (Prasad and Meenakshisundaram, 2015b) . di surfaces exhibited red spots proving the presence of H…O interactions to an extent of 10.0% in NMPDHAPI and 8.0% in the case of NMEPDHAPI. de surface showed bright red spots evidencing O…H interactions as dominating ones. The shape index indicated the shape of electron density surface around the molecular interactions. Hirshfield surfaces of individual molecules are given in Figures 9 and 10. The surfaces in the crystal packing clearly indicate the O-H…C and O-H…O interactions (Figures 11 and 12 ). 
Figure 11.Hirshfeld Surfaces of NMEPDHAPI(a)dnorm in Crystal Packing with H-bond Contacts(b)de Surface in Crystal Packing(c)di Surface in Crystal Packing(d)Curvedness in Crystal Packing and(e)Shapeindex in Crystal Packing
(a) (b) (c) (d) (e)
Figure 12.Hirshfeld Surfaces of NMPDHAPI (a) dnorm in Crystal Packing with H-bond Contacts (b) de Surface in Crystal Packing (c) di Surface in Crystal Packing (d) Curvedness in Crystal Packing and(e)Shape Index in Crystal Packing
The deformation density of the moleculeis calculated as 0.008 a.u. (maximum) and -0.008 a.u. (minimum) (a.u. is atomic units). A graphical view of the deformation density is shown in Figures 13 and 14 . The surfaces are calculated using DFT method with 3-21G as basis set from the crystal data. 
Study of Metal Ion Recognizing Property
The metal ion recognizing property of the receptors was analysed by UV-Visible method and fluorescence method. UV-visible method was performed with the help of SHIMADZU UV spectrophoto meter UV-1800. Fluoresence method was performed with JASCO spectrofluoro photometer FP-8200.
Absorption Studies
To evaluate the sensing ability, receptors 1 & 2 were made to interact with two equivalents of various metal ions such as Na ions. These interactions were evidenced by the emergence of a new peak at 303nm in the absorption spectrum of receptor 1 and at 365nm & 461nm in the case of receptor 2. The synergistic ability was further corroborated by incremental titrations. These changes in the absorption behaviour of the receptors may be imputed to the formation of complexes between the receptors and the metal ions, thus paving the way for LMCT transitions (Prabhu et al., 2012) . The absorption spectrum of receptor 1 exhibits three bands at 228nm(-*), 276nm(-*) and 314nm(n-*) respectively. Addition of two equivalents of Al 3+ ion leads to a bathochromic shit of the band at 315nm to an extent of 13nm. The formation of four isobestic points further confirms the complex formation between the receptor and Al 3+ ion. The above interaction is further proved by performing UV-Visible titrations involving incremental addition of Al 3+ solution (0.2 equiv. to 2 equiv.) to a solution of receptor. During this titration, the band at 314nm in the receptor is red shifted to an extent of 13nm and also a hyperchromic effect is observed (Figure 19 ). The binding constant of the receptor 1 for Al 3+ ion is determined by BenesiHildebrand plot as 11.17x10 3 implying strong coordination (Wang et al., 2013 ). In the case of receptor 2, the absorption spectrum has three bands at 229nm(-*), 273nm(-*) & 319nm(n-*). Interaction with Fe 3+ & Cu 2+ ions is evidenced by a new band at 365nm & 461nm respectively. This is confirmed by UV-Visible titrations involving s addition of metal ions (0.2 eqiv. to 2 equiv) independently to a solution of the receptor. The intensity of the bands thus formed increased tremendously (Figure 20) . The association constant of the receptor for Cu 2+ & and that for Fe 3+ were evaluated as 1.43x10 2 and 1.65x10 2 respectively (Wang et al., 2013) . 
Fluorescence Studies
As done in absorption studies, the two receptors were examined for fluorescence sensing properties with different metal cations. An enormous enhancement of fluorescence intensity of about 117 fold with a substantial blue shift to an extent of 50nm was caused during the trapping of Al 3+ ion by receptor 1 ( Figure 21) ; whereas a bathochromic shift of 60nm & 50nm was the result of sensing of Fe 3+ and Cu 2+ ions by receptor 2. A very small amount of quenching was also observed with receptor 2 (Figure 22 ). The fluorescence enhancement may be ascribed to the formation of rigid complex chelate system indicating the presence of CHEF effect and the quenching may be probably due to electron or energy transfer process between the metal ion and receptor 2 (Wei et al., 2012) .
The binding mode of the receptors with the metal ions was ascertained by incremental addition of 0.2 equiv. to 2 equiv. of the latter to the former. With receptor 1 there was a great enhancement of emission and with receptor 2 quenching was observed.
The presence of other metal, ions did not cause any change in the emission behavior of the receptors. 
IR Titration
In the IR spectra of receptor 1 the band due to azomethine group appears at 1639cm -1 , which is shifted to 1573cm -1 that is to an extent of 66cm -1 during the addition of Al 3+ . The new bands at 404cm -1 and 622cm -1 are due to the M-N and M-O bonds confirming the coordination of receptor with Al 3+ ion (Figure 27 ). 
CV Titration
The coordination of receptors with the metal ions was further evidenced by cyclic voltammetry studies. In the cyclic voltammogram of receptor 1 exhibits one oxidation peak (E ox = -0.507V) and one reduction peak (E red = -0.698V). The addition of 2 equivalent of Al 3+ changes the oxidation peak to -0.438V and the reduction peak to -1.155V. There is also considerable change in the ΔE value of the order of 0.774V from 1.206V (Figure 29) . In the case of receptor 2 one oxidation peak (E ox = -0.708) and one reduction peak(E red = +0.684V) are observed. The addition of 2 equivalent of Fe 3+ altered the oxidation peak at E ox = 0.282V and E red value is changed to -1.451V. On the other hand the addition of 2 equivalent of Cu 2+ shows three oxidation peaks and corresponding reduction peaks. The ΔE value is also changed after the addition of Fe 3+ and Cu
2+
. These observations provide additional evidence for the complex formation ( Figure 30 ). 
Conclusions
Two novel Schiff bases, N-4-methylphenyl(2,4-dihydroxyacetophenylideneimine) and N-4-methoxyphenyl(2,4-dihydroxyacetophenylideneimine) have been synthesized. The structure of receptors has been confirmed from the Single-crystal X-ray diffraction technique. ion over many other metal ions. The sensing ability of the synthesized Schiff bases can be further utilized for the construction of logic gates and also in bio imaging technique. Many similar Schiff bases are being synthesized by the authors in their parent department laboratory and their metal ion/anion sensing property is also being studied. The authors also planned to apply their findings in the field of bio imaging.
